Sustainable urban renovation is characterized by multiple factors (e.g. technical, socio-economic, environmental and ethical perspectives), different spatial scales and a number of administrative structures that should address the evaluation of alternative scenarios or solutions. This defines a complex decision problem that includes different stakeholders where several aspects need to be considered simultaneously. In spite of the knowledge and experiences during the recent years, there is a need of methods that lead the decision-making processes.
Introduction
Urban planning and regeneration process are concepts that involve a number of dimensions, e.g. technical, socioeconomic, environmental and ethical perspectives. Sustainable urban regeneration is characterized by multiple factors, different spatial scales and a number of administrative structures that should address the evaluation of alternative scenarios or solutions. This defines a complex decision problem that includes a number of different stakeholders where several aspects need to be considered simultaneously. It is usually based on series of qualitative and quantitative data related to empirical observations, physical conditions and trends. In the decisionmaking process, cities need to invest a great deal of resources and time in the collection of information to deliver such assessments and decisions. However, very little is known about how decisions are made and the processes that lead to them.
There is a need to better identify, analyse, model and map resources and the current situation of urban settlements and solutions to achieve a more efficient built environment and match its demands with efficient sustainable energy sources at the least cost. Such energy planning is already mandated in the Energy Efficiency Directive (Directive 2012/27/EU). This needs to be done at local, regional and national levels to help develop energy strategies and ensure their consistency at national level and with EU policies; in fact, promoting sustainable urban development is a key element of the European Cohesion Policy and a continuous process.
It seems that residential sector of small and medium sizes cities are the strategic lines of action to solve these problems due to their potential. The total number of dwellings in Europe in 2014 was 249,652.26 thousands and from those, around 45% were built before 1969, 32% between 1970 and 1989 and only 9.3% in the 90's. Moreover, the energy consumption of the residential sector was 263.22 Mtoe what supposes 158.76 kWh/m 2 , still far from the H2020 set objectives (BPIE database) . This data shows an elevated average age of the building stock in Europe with low energy performance and therefore, susceptible of being renovated. On the other hand, an 83% of cities in Europe are small and medium cities in terms of population (50.000-250.000 inhabitants) (Dijkstra and Poelman, 2012) .
Above all, urban lifestyle needs to be sustainable, and sustainability should be understood from three points of view: environmental, socio-economic and institutional. Citizens' current way of life must be reconsidered and cities need to find a way to regenerate themselves in order to ensure long-term sustainability and overcome the current challenges they are facing.
In CITyFiED Methodology, the sustainable city renovation is understood as regeneration of actions, policies, and processes within a city, which address interrelated technical, spatial, and socio-economic problems in order to reduce environmental impact, mitigate environmental risk, and improve environmental quality of urban systems, lifestyles and assets. It aims to enable the replicability and mass-market deployment of energy-efficient retrofit of districts, considering as a reference the large CITyFiED demonstration cases in the cities of Lund (Sweden), Laguna de Duero (Spain) and Soma (Turkey), decision-making processes and business models. The Methodology is a procedure composed of 7 phases and a decision making process that aims to understand the city (objectives and needs) in order to deliver a set of customized Strategies for the Sustainable Urban Renovation at district level with the energy efficiency as the main pillar and local authorities as clients.
Each phase ensures an effective dialogue among all stakeholders and considers ways to strengthen confidence in decision-making processes. The present approach has been validated through the active participation of the CITyFiED network of cities.
The methodological approach foresees the creation of an External Consultancy Group (ECG) to closely cooperate with the local authorities when understanding the city and setting up the most suitable set of strategies for the urban renovation at district level. The process is supported by different tools and levels of indicators that would enable the assessment of the suggested actions (Strategies for Sustainable Urban Renovation) as compared to the original situation and objectives.
Three levels of indicators have been defined: City Level Indicators (Level 1) at city & district level, Project Level Indicators KPIs (Level 2), and Impact Assessment Indicators at city level (Level 3).
Involvement of Stakeholders
The Methodology addresses the roles and responsibilities of the stakeholders involved along the application phases. In the first place, the Municipalities, representing the interest of citizens. They also promote the renovations at city or district levels to increase the sustainable performance of cities. Therefore, the experts representing the Municipality are conceived as collaborative clients in the methodology approach, divided into several committees as they are usually organized.
Public Participation understood as citizens, NGOs, neighbors associations, etc. are other group of stakeholders involved in sustainable renovations through different participation techniques cause "all members of society have a key role in addressing the energy climate challenge with their local authorities" (CoM, 2010) .
Besides, External Stakeholders are required to carry out the renovation as constructors, financial entities, energy companies, investors, etc. As one key innovative aspect of the methodology, it proposes the foresight of an External Consultancy Group (ECG) to offer their services and closely cooperate with the Municipality. This is a multidisciplinary consultancy that supports the local authorities when understanding the city and setting up the most suitable set of Strategies for Sustainable Urban Renovation (SSUR), facilitating consequently the decisionmaking process.  Steering committee. This committee includes those capable actors to make decisions in the local authorities' bodies, providing "(…) strategic direction and political support during the process" (CoM, 2010) . Their mission is focused on the first stages of the process, i.e., understanding the city and diagnosis, selection of scenarios, etc.  Contracting parties. These are independent companies and entities involved in the execution of the works that normally should be selected through tender/bidding process (e.g. architecture firms, building and energy companies, etc.). They should establish a fluent dialogue with the technical committee.
 Financial institutions.

Public participation (End users)
This group is formed by citizens, neighbourhood associations, housing associations, NGOs, etc. Their feedback is collected during all the process, but especially during diagnosis, decision-making and final evaluation. Building owners and tenants are deeply involved in the strategies definition.
Phases of the Methodology
The Methodology is deployed in seven phases as can be seen in Fig. 3 . Each phase ensures an effective dialogue among all the stakeholders previously defined in order to ease the decision-making processes. It combines both district and city scales, starting with the city and district analysis, proposing initiatives at district level and pursuing the impact of the renovation and the accomplishment with the initial objectives at both scales. 
Phase I: Understanding the city
This phase aims to make a first approach to the city understanding, evaluating its context and needs with a set of City Level Indicators as a supporting tool and taking into account public participation. This analysis, combined with the definition of the long-term city vision, enables the identification of the city sustainable pathway within its Strategic Urban Planning and the definition of the general objectives that guide this transition.
The pre-diagnosis and data collection of the city is precisely the first step of this phase. Here, the most relevant factors at city level from different perspectives are evaluated in order to contextualize the current situation of the city. The complexity of urban areas, together with the ambitious scope of the methodology and the guidelines for sustainable development from the EC, makes necessary to consider a multi-criteria or holistic perspective during this analysis. However, in order to facilitate the application of the methodology it was necessary to limit the scope of the evaluation. Therefore, considering that the purpose of the CITyFiED project, the matrix of Fig. 4 was defined to gather all the relevant areas to be analyzed. The columns of this matrix are defined as "city strategic areas" which represent the main ambits that will be treated by the implementation of specific improvement interventions at district and city scale. On the other hand, the rows of the matrix are defined as "application areas" and represent the different sectors of the city in which the different interventions can be implemented.
Fig. 4: CITyFiED Application Areas and City Strategic Areas
Following this perspective, the pre-diagnosis will cover aspects of the city such as culture, economy, urban morphology or the main constraints and opportunities for the implementation of measures (legal framework, financial opportunities, etc.). This analysis will contribute to the required initial city context knowledge for the definition of the general objectives of the Strategic Urban Planning.
However, the quantification of specific City Level Indicators (Level 1) that can be compared to other city values provides a better understanding of the improvement potential and needs of different areas of the city evaluated. This is covered by the second step, in which a set of indexes related to the city level analysis "Level 1 City indicators" serve to evaluate the sustainability standards, identify city's strengths and weaknesses, and help setting general and specific objectives for the city.
Although many cities are implementing various low-carbon practices, it is still unclear how this sustainability or low carbon level can be certified. In this context, the methodology developed defines its own set of indicators considering the many efforts that have been previously made at developing indicators-based frameworks capable of evaluating cities' sustainability. The final selection of indicators that at this point includes 17 mobility related indicators, 14 building related indicators and 14 energy related indicators, was carried out following a rigorous internal and external validation process. The internal validation involved CITyFiED project partners (technicians, experts, etc.) and participants involved in the demo sites. The external validation on the other hand, involved the cities of the City Cluster and the Community of Interest, and took part during the Workshop about the CITyFiED Methodology performed in Laguna de Duero (Spain) in March 2017, with approximately 60 attendees.
Besides, each of the defined Level 1 City indicator has its specific reference value defined, considering the average values for the European cities. This allows understanding the distance between the initial situation of the city and the reference value in a way that cities can identify easily the area in which are performing worse than it is supposed to. The complementation of this indicator based analysis with different techniques such as the SWOT analysis and Workshops that include the main stakeholders involved in the planning process will facilitate both the definition of the long-term city vision and their general objectives.
Phase II: Diagnosis of the city at district level
In this second phase of the methodology the city is understood as an aggregation of districts. Taking into account the results in Phase I and following a bottom-up approach, the city is analyzed at district level to define the specific objectives for the districts object of the intervention. These specific objectives will serve to outline the different set of measures that can be implemented in Phase III.
In a first step, a decision needs to be made by the Municipality regarding the district that will be selected for the transformation. This selection will be made taking into account the main characteristics of the district evaluated in terms of the potential to contribute to the transformation of the city, as well as the urgency of the specific needs of each district. The second step on the other hand, corresponds to the diagnosis of the district that will be evaluated for the city. The diagnosis will cover the following aspects; socio-economic analysis (age distribution of the inhabitants, the average household disposable income, the unemployment rate, etc.), morphological aspects (spatial distribution of the buildings, age and use of buildings, etc.), social analysis including aspects such as building owners and public participation, or environmental factors such as the potential for integrating renewable energy sources. Special attention should be paid in the analysis to aspects such as public participation activities developed by the Municipality with regard to the measures that are susceptible to be implemented, since these aspects are critical to identify non-technological barriers and to avoid difficulties during their implementation.
Level 1 indicators are also calculated at district level, when appropriate. This will contribute to the definition of the baseline of the district and will establish a direct link between the changes in the district and the impacts in the entire city, both will be evaluated in Phase VII. The values of these indexes will allow understanding better the context information at district scale with the quantitative values of indicators that are in line with the analysis carried out at city scale in the Phase I of the methodology. Besides, having the specific values of these indicators at district scale will aid to define specific objectives and measures and to stablish the prioritization criteria.
Taking into account all the information gathered at district scale, the energy demand and consumption of the base case scenario needs to be modelled for the district to allow the comparison with the forecast scenarios in the next phases. In this regard, energy planners usually need to combine various tools with different scales, and approaches, which makes difficult to develop a baseline analysis. Over the last 20 to 30 years, many different tools for building energy modelling have been developed. Several reviews, such as (Swan & Ugursal, 2009) and (Bourdic & Salat, 2012) , describe different modelling approaches that can be used for evaluating the energy consumption of buildings at the district level. In the case of the tools that are designed for building energy modelling, the availability varies depending on the scale of the project. As mentioned by (Martos, Pacheco-Torres, Ordóñez, & Jadraque-Gago, 2016) , the development of tools for evaluating and predicting the future energy consumption of cities and districts will be one of the biggest challenges in the field. However, the situation is much better in terms of the availability and reliability of tools for analysis of single buildings or a reduced building group. There are several tools, such as EnergyPlus and TRNSYS, that are broadly accepted and that allow for a very detailed and dynamic building energy simulation. Other modelling approaches such as BIM models, as well as the life cycle approach, are also identified as useful for this baseline definition stage. All these type of models and approaches need to be combined at this phase to achieve an appropriate analysis of the district.
This baseline analysis combined with the context information and the district scale Level 1 indicators will be used for the definition of the specific objectives of the district. These objectives are the conclusion from Phases I and II. They consist on targets related to improve the environmental, economic and social profile of the district and the city, and can be related to specific measures that are susceptible to be implemented in the district in order to contribute to the compliance of the targets of the city.
Phase III: Definition and analysis of the intervention and scenarios
The main target of this phase is to define the possible retrofitting scenarios to be considered for being implemented in the selected district according to the city (general objectives) and district needs (specific objectives). These scenarios consist of groups of measures that aid to forecast the impact on the sustainability performance. Before defining the scenarios, it is necessary to decide which measures should be discarded and for that purpose, the potential of each measure with respect to the objectives achievement is analyzed individually.
The ECG is the responsible of these activities. As a multidisciplinary group, it assists the Municipality to facilitate the analysis and the decision-making process. The ECG performs this supported on different recommendations, simulation tools and Indicators. In addition, the Technical and Steering committees from the Municipality can follow and control the process with them.
The measures to be considered are named as Energy Conservation Measures (ECMs). The steps to achieve by the ECG during Phase III are mainly two. The first one is the measures preselection, which consists of a preliminary choice of measures applying a filter, the specific objectives set in Phases I and II. The methodology establishes the relationships between ECMs and objectives, so it is possible to discard some of them at this early stage. In addition, the results of the Level 1 indicators, the feedback from the citizens (public participation activities) and Municipality, and other aspects identified during the analysis at both scales i.e., nontechnological barriers, financial opportunities, etc., should be considered for this preliminary step.
The second step consist of a feasibility analysis of the preselected measures and the final selection of those that will be part of the retrofitting scenarios. For this analysis, it is necessary to evaluate the environmental, economic, technical and social aspects. In order to guide this study qualitatively, estimations from research on energy and CO2 emissions levels of savings, payback periods, social issues, etc. are included in the catalogue of measures, as well as general recommendations for district retrofitting that affect the measures selection based on CITyFiED experiences (CITyFiED, D2.1 and D6.4) or other sources (STBA).
On the other hand, "Level 2 indicators" defined in the CITyFiED project could be calculated to assess Environmental, Technical, Economic and Social aspects along the application areas, and compare the results obtained for each ECM. The ECG could consider calculating at this stage only the most relevant indicators with respect to the objectives. Finally, previous recommendations and L2 indicators make possible to select a list of the most cost-effective measures ECMs to reach the sustainable objectives that the city desires.
Scenarios are tools to predict the results that could be obtained in case of their implementation. There is a high number of possible ECMs combinations, so it is necessary to generate the scenarios with the information already obtained, considering also experts' intuition and experience. The procedure proposed starts defining those measures considered as indispensable to proceed with the intervention as the starting point. Then, the rest of scenarios are defined increasing the performance from that set point. They are sorted in three groups depending on the €/Kg CO2 savings ratio estimation -basic, efficient and advanced.
When each scenario is specified, it is necessary to recapitulate the information to analyze the retrofitting scenarios as units in next Phase IV, due to the result of the combination of some ECMs could be different from the addition of the individual results.
Phase IV: Prioritization and selection of the intervention scenario
The objective of this phase is to identify the most convenient solution from the potential scenarios. The ECG expertise, Level 2 indicators applied to the alternative scenarios and multi-criteria analysis, are the basis for the decision-making process. Finally, the discussion is expected to be carried out between technicians, citizens and local authorities.
The first step is focused on the evaluation of alternative scenarios. Here, the results of the different scenarios defined in the Phase III are evaluated considering the economic, social, technical and environmental dimensions. With this aim the defined Level 2 indicators at project level are evaluated for each scenario following different approaches, such as energy simulation tools for district renovation, building information modelling (BIM), geographic information systems (GIS) tools and the Life Cycle Analysis (LCA).
The results obtained from this analysis are used in the scenario prioritization step. It is necessary to take into account that the prioritization of strategies and scenarios needs to be based on the evaluation of a number of criteria that cannot be optimized simultaneously. Therefore, in the context of urban energy planning it can be said that there is no a unique optimum scenario within the set of alternative options for achieving a specific goal for the city.
Different methodologies are needed to support the decision-making once the evaluation studies have been carried out. With this aim, Multi-criteria Decision Analysis (MCDA) offers a wide range of methodologies and tools to support decision-makers, allowing the combination of their own preferences with the data available (from modelling or not) to reach their own conclusions in a structured and consistent way. In the last few decades, the number of MCDA methods has substantially increased and nowadays, there are hundreds of methods available (Hobbs & Horn, 1997) . Many studies and different classifications of these methods can be found in the literature. In the review carried out by (Pohekar & Ramachandran, 2004) , an assessment of more than 60 studies regarding the application of multi-criteria decision making to sustainable energy planning is presented. In the same way, the study by Diaz-Balteiro et al. (Diaz-Balteiro, González-Pachón, & Romero, 2016) offers an extensive review of 271 papers using MCDA methods for measuring systems sustainability. The study shows that the use of methodologies such as the AHP developed by Saaty (Saaty, 1980) is in general, increasing in recent years. From the literature review, it can be concluded that using multi-criteria analysis in the context of urban renovation has attracted the attention of decision makers for a long time and that although there is not a specific method that can be prioritized, some of them seem to be more appropriate if we consider the development of the last few years. For CITyFiED methodology, the method proposed for the prioritization, in order to combine both the quantitative results of the scenarios and the qualitative relevance of each criterion, is the AHP.
In the first step of the application of the AHP method, a disaggregation of the problem has to be done defining a hierarchy of the interrelated elements, identifying the general objective, the specific objectives or criteria and the potential alternatives or scenarios. The specific objectives defined at district scale in the Phase II can be used as the basis to define the main criteria for the prioritization. In the same way, the sub-criteria that contribute to the consecution of the specific criteria can be related to the Level 2 indicators evaluated for each scenario. Therefore, for the identification and selection of the prioritization criteria, a clear connection can be made at this stage with the Level 2 indicators. This decision will be taken by an open dialog and consensus between technicians and local authorities. Including public participation at this stage of the process and taking it into account in the decision making is really relevant for engaging citizens in climate challenge.
In a second step, the weighting of each criterion needs to be also defined following the same procedure. Finally, through the complete application of the AHP method, the evaluation of the performance of each scenario for each prioritization criteria is carried out. The scenario with the highest result is identified as the most suitable one.
Phase V: Strategies for Sustainable Urban Renovation (SSUR)
The main target of this phase is to define the set of Strategies for Sustainable Urban Renovation (SSUR) where the ECMs of the selected scenario are further developed. In addition, these strategies should be integrated within the Strategic Urban Plan of the city, as a long-term vision plan for the city.
Local authorities, especially the Technical committee -and the ECG if it is desired by the Municipality -are in charge on the development of the SSUR, which is understood as a highly participatory management tool, that is to say this document is a process, not a project. It contents all the development of the previous phases.
First of all, the documents presents the causes for developing a Strategy for Sustainable Urban Renovation, the past of the city is explained as well as current situation. This means to give the answers to the questions where do we come from? And where are we? The vision of the city from Phase I is defined, by explaining the local authorities' motivations for implement sustainable strategies; Where do we want to go?
Secondly, the document exposures the work done by the ECG together with the Technical committee regarding the city analysis and diagnosis, the scope definition, to be specific, the district selected. Moreover, it is also presented the scenarios evaluation and the final selection.
Finally, it presents the Strategy which compromises "a co-ordinated set of participatory and continuously improving processes of analysis, debate, capacity-strengthening, planning and investment, which integrates the economic, social and environmental objectives of society, seeking trade-offs where this is not possible" (OECD 2001).
The Strategy does not end with the exposure of the selected scenario in Phase IV, but also it will guide and coordinates the process during its implementation through a Strategy Implementation Plan (SIP), which will detail the intervention actions to be applied in the district, the schedule which includes a temporary planning for each actuation line during the period of SIP´s life, and finally the budget of the implementation plan.
On the other hand, one of the most important aspects during the definition of the strategies is the need to guarantee its success through not only ensuring an effective participation of the citizens (CoM, 2010) , but also the identification of the non-technological barriers and the potential business models that will enable the realization of specific strategies.
Non-technological aspects, such as financial, organizational, legal, cultural and social, have be explored during the process (from phases I to IV). For that, a participatory methodology was designed in CITyFiED project to involve key stakeholders, this procedure is based on interviews that should be adapted according to the specific of the cities to identify the barriers and potential for energy efficient retrofitting.
CITyFiED Methodology will proposed also a mechanism to analyse possible business models and investment schemes for the cities to identify the most convenient, in order to minimize gaps and risks of the suggested strategies.
Last but not least, the document Strategies for Sustainable Urban City Renovation should detail recommendations to ensure that the skip from Planning to Implementation phases will be done properly. In that sense, the Strategy should define the Method of Procurement (MOP), detailing the factors that influence it, such us project characteristics, cost issues, timing, external factors, client resources, etc.
In addition, recommendations for the Monitoring and Impact Assessment Evaluation Phase (Phase VII) are also given, regarding the need to develop a Sustainable Evaluation Plan (SEP), which coordinates the activities and guarantee the city goals achievement. The SEP, understood as a protocol to evaluate the sustainability and quality of the interventions at district level after their implementation (Phase VI). It should be based on the evaluation of the energy performance and energy savings through well-known Measurement & Verification (M&V) protocols (e.g. IPMVP, FEMP or ASHRAE), the economic issues, such as return of investment (ROI) and cost effectiveness of the solutions, the Quality control of the interventions, the Social acceptance and a Life Cycle Analysis (LCA), to evaluate the CO2 emission reduction.
Phase VI: Execution plan
The strategies from the SSUR document are implemented in this phase, according to the recommendations from planning to implementation and the SEP guidelines pre-defined in Phase V. The detail definition of these activities depend in other aspects, i.e., technical definition, that could not be defined before the SSUR. Therefore, these issues and specific guidelines to put into practice the strategies -delivery method, procurement process, risk allocation, etc. -are further developed in Phase VI, acting as an overall Execution Plan.
The Municipality, the ECG and financial institutions are involved in these activities, as well as building owners and citizens. Contracting parties group are the principal figure for the execution of works, including designers, ESCOs, energy suppliers, technology providers, etc. Their participation starts at this stage because in public procurements they usually have to be selected through a tender/bidding process.
Part of the execution procedure is to clarify the financial resources to put into practice the SSUR according to the Business model identified and the ownership of the properties to be renovated. In the case of public ownership of the buildings the Municipality usually acts as financier; while in private ownership the ESCO business model is highly recommended. The most relevant public financing mechanisms are grants, interest subsidies, revolving funds and financial instruments (Núñez et al., 2013) .
A Project Delivery Method has to be identified by the Municipality to define the contracting formats between the stakeholders to achieve the delivery (CMAA, 2012 (AIA, 2007) . Its principles focus on the collaboration since the beginning of the project to avoid future problems and the share of risks and responsibilities between the stakeholders.
The Procurement starts after, to define the process of services or works acquisition for the implementation of the strategies. In public procurement is usually mandatory to select the entities through a tender/bidding process. Attending to the scope the Municipality could contract just the implementation (Build), if it wills to develop the technical definition of the strategies. By contrary, it could offer the design and the execution to different entities (Design / Build) or the same one (Design + Build). The winners of the tender will be part of the Contracting parties group. The tender documents can be prescriptive if the requirements are technically specified or performance based, and in the second case also related to reduce the environmental impact what is known as sustainable procurement (Pless et al., 2012) .
In parallel to the two previous activities, the district and strategies need to be further developed into detail from the technical and economical perspectives. It is recommended to support the technical definition on BIM approach that allows to address responsibilities, layouts, schedule, risks, etc. in a collaborative framework, and it is identified as the most adequate to maximize the benefits of IPD principles (AIA, 2007) . Depending on the procurement selected the technical definition of the strategies is performed before or after tender/bidding processes.
Another relevant aspect is to include a Risk Management Plan in the context of IPD, to eliminate or reduce the risk that could be avoided, establish mitigation actions to reduce the probability of occurrence, or develop contingency strategies for those risks that could be predicted or avoided (Association of Project Managers, 2000).
The follow-up strategy during the execution of works (Phase VI) and evaluation phase (Phase VII) is the SEP already pre-defined in SSUR document and that is completed by the Monitoring and Technical Committees during this phase once the technical definition of the strategies is achieved. The follow-up of the intervention should be reported monthly or bimonthly, and gathered in annual reports in the SSUR. In parallel, regular meetings should be established between the actors involved to control and make decisions and changes approval.
Phase VII: Monitoring and impact assessment evaluation
The main objective of this last phase is to evaluate and monitor the strategies implemented during the previous phase, because at this stage, actions and construction works are completed, so it is necessary to assess the impact in the sustainability at district and city level, and finally to deploy corrective actions if the impact obtained it is not the expected. So that, the objective of the monitoring plan is twofold, evaluate the performance and impact of the strategies at district level (Level 2 indicators) and city level (Level 3 indicators).
Within CITyFiED project a Sustainable Evaluation Plan (SEP) has been defined (CITyFiED, D4.10) in order to assess the impact in the sustainability at district/project level. The objective of the plan developed was to reduce the complexity of some existing standards such as BREEAM and/or LEED and integrate new pillars in the evaluation according to the new trends, i.e. ICTs and LCA. Thus, Fig. 6 illustrates the protocol proposed, including its pillars: Energy, ICTs, Quality control of interventions, Economic evaluation, Social acceptance and LCA.
As it can be seen in Fig. 6 , the left hand side represents the analysis before the implementation (Baseline calculated during Phase II), meanwhile the right hand side denotes the assessment after intervention; at the top, Level 2 indicators (KPIs) give an objective the framework for calculating the evidences of assessment, and at the bottom, LCA covers the project from the beginning to the end of the works. In the middle, the ECMs appear, which refer to the interventions themselves.
Starting from the left hand side, it is shown that the energy concerns begin with social awareness, both at citizens' level and at organizational level (public authorities, sustainability plans, etc.). Collecting all these aspects through metering determines the retrofitting strategy as well as the best ECM for the specific building or district.
On the right hand side, the status after the execution phase is evaluated. The main aspect is the energy performance in terms of energy savings, which is partially achieved by the investment in new ICT technologies (digital homes), and the ECMs. To ensure the expected energy savings, the ECM has to be implemented in the correct way following Quality Control of interventions rules during Phase VI. These energy savings drive to cost savings at consumption. And thanks to the energy efficiency, less invoice costs and new technologies, together with the involvement of citizens, the social acceptance of these solutions is increased.
Fig. 6: CITyFiED Sustainability Evaluation Plan (SEP) at district level
The CITyFiED Methodology, as a systematic process, considers that if the results obtained after the deployment of the SEP not achieve the expected results at district level, corrective actions should be applied, starting from the analysis of SSUR if necessary. The deviation between the expected results and the obtained ones, is part of the evaluation and means that the General and Specific objectives defined during Phase I and II are only partially achieved. This experience is part of the correction actions for future city renovations that all the stakeholders from the Municipality should consider, too.
In the same way, the impact of the interventions at city level will be evaluated. For that purpose, there was defined a set of indicators (Level 3: Impact Assessment Indicators at city level) in order to evaluate the following categories of impacts after the strategy implementation: Energy impact: Energy savings obtained; Environment impact: CO2 emissions avoided with the intervention; Economic impact: investment mobilized and its return to the users, companies and municipalities as well as benefits of retrofitting to the users associated to the cost savings; and Benefits for SMEs.
Conclusions
This Methodology is a holistic procedure for the city renovation at district level that considers a multi-criteria perspective. The integration of the three levels of indicators supports the diagnosis, selection as well as final evaluation of measures and retrofitting scenarios during the project, serving as a control and decision-making tool. The CITyFiED project aims to enable the replicability and mass-market deployment of energy-efficient retrofit of districts. The approach and the indicators were conceived and are being refined considering as a reference the large CITyFiED demonstration cases in the cities of Lund (Sweden), Laguna de Duero (Spain) and Soma (Turkey), including decision-making processes and business models. The approach is also being validated through the active participation of the CITyFiED network of cities, assuring its flexibility and adaptability to different European cities. Then, the future work is to complete its development, continue its external validation activities with the CITyFiED network of cities and extract conclusions.
